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CYTOLOGICAL STUDIES IN ULMACEAE, MORACEAE, 
AND URTICACEAE 


P. N. MEHRA AND B. S. GILL 


THE FAMILY URTICACEAE, which embraces 42 genera and 600 species of 
herbs, shrubs, and trees (Lawrence, 1951), is not of any great importance 
to forestry, but Moraceae and Ulmaceae, which include respectively 15 
genera with 150 species and 73 genera with over 1000 species (Lawrence, 
l.c.), produce valuable timbers like Piratinera guianensis Aublet, Distemon- 
anthus benthamianus Baillon, species of Morus L. and Artocarpus Forster 
(Moraceae), and species of Celtis L. and Ulmus L. (Ulmaceae). In addi- 
tion, rubber (Castilloa elastica Cerv. and Ficus elastica Roxb.), paper 
(Broussonetia papyrifera (L.)Vent. and species of Streblus Lour.), dye 
(Chlorophora tinctoria D. Don), etc. are commercially valuable products 
obtained from Moraceae. In India, nine species of Moraceae, four of 
Ulmaceae, and one of Urticaceae are recognized as commercial timbers 
(Pearson & Brown, 1932). 

For any rational tree breeding program, comprehensive data pertaining 
to chromosome number, polyploidy, and aneuploidy in the desired genera, 
in addition to knowledge of meiotic behavior and variability, are essential. 
Cytological studies were, therefore, undertaken on the members of Ulma- 
ceae, Moraceae, and Urticaceae from the Western Himalayas as a part of 
the project on the cytological investigations of the Himalayan hardwoods 
which we have been carrying on for some years. 


MATERIAL AND METHODS 


Meiotic studies were made from floral buds fixed in Carnoy’s fluid and 
squashed in 1 per cent acetocarmine. Use of glacial acetic acid saturated 
with iron acetate in the fixative greatly improved the stainability of the 
chromosomes. For mitotic studies, young leaf tips and root tips were pre- 
treated with 0.003 M solution of 8-hydroxyquinoline for 3 hours at about 
20°C, hydrolyzed in acetolacmoid and N:HCl (9:1), and finally squashed 
in acetolacmoid. Slides were made permanent in Euparal. 

Figures were made at a uniform magnification of 1350 X. The voucher 
specimens have been deposited in the Herbarium, Department of Botany, 


Panjab University, Chandigarh, India. 


OBSERVATIONS 


, : ; i I 
Cytological studies were carried out on the material collected most y 
from wild populations from the Mussoorie, N ainital, and Simla hills in the 


TABLE 1. Chromosome numbers of woody species in the 
Ulmaceae, Moraceae, and Urticaceae (continued). 


FLOWERING AND 


LocaLity (with altitude in FRUITING CHROMOSOME FIGURE 
TAXA meters) PERIODS NUMBER NUMBER PREVIOUS REPORTS 
*Ficus cunia Buch.-Ham. Nainital: 
Dogaon, 1000 4-9 2n = 26 13 
+Streblus asper Lour. Nainital: 
Tanakpur, 450 4-5 n= 13 n= 12: Mitra & Datta, 1967. 
n = 13: Gajapathy, 1961. 
Broussonetia papyrifera (L.) Dehra Dun, 400 7-9 n = 13 14 2n = 26: Bowden, 1940; Hsu, 1967. 
Vent. 
Nainital : 
Bhimtal, 1300 n= 13 15 
URTICACEAE 
*Boehmeria rugulosa Weddell Nainital: 
Ratighat, 1350 7-9 n= 28 16 
*B. platyphylla D. Don Mussoorie: 
Jhariapani, 1400 6-9 n= 14 17 
Darjeeling: 
Tista, 300 n= 28 18 
Debregeasia longifolia Weddell Nainital, 1950 9-11 n= 14 2n = 28: LeCog, 1963. 
(= D. velutina Gaud.) 
*D. hypoleuca Weddell Kasauli: 
Dharampur, 1200 9-11 n= 14 27 


* Species investigated for the first time. 
New cytotypes. 
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Western Himalayas and adjacent plains, except in the case of Celtis cinna- 
momea and Boehmeria platyphylla, which were collected from the Eastern 
Himalayas. The chromosome numbers of 22 woody species belonging to 
11 genera of these three families are given in TABLE 1, along with specific 
localities of collections, previous reports, and flowering and fruiting sea- 
sons. The numerals indicate months of the year. Thus 1 stands for January, 
2 for February, and so on. 


ULMACEAE 
Holoptelea Planchon. 
H. integrifolia Planchon. 

A large deciduous tree, the only representative of the genus, producing 
valuable timber. Common in the tropical moist deciduous forests along 
the foot of the Himalayas and in outer ranges. Abundant in the moist 
Sal-Bearing forests of the Nainital area. Bark: gray to dark gray, 
slightly rough, cracked on the old trees. 

Twenty-eight chromosomes were counted at mitotic metaphase 
(Ficure 4). Meiosis was perfectly normal and 14 bivalents regularly 


constituted at metaphase-I (FIGURE 5). 


Ulmus L. 


U. wallichiana Planchon. i 
A medium- to large-sized deciduous tree and a source of commercial 


timber. Found in the subtropical and temperate forests of the Western 
Himalayas between 1000 and 3000 m.; not common in the Nainital hills. 
Bark: brown, rough, vertically fissured. 

The somatic chromosome number was determined as 2n = 28 (FIGURE 
6). The karyotype was asymmetrical. Of the 14 pairs of chromosomes, 
11 were acrocentric, two metacentric, and in one pair the primary con- 


striction was not clear. 


Celtis L. 


C. australis L. var. australis. : me: 
Trees to 25 m. in height, often with straight cylindrical boles, and 


providing timber of commercial importance. Growing throughout the 
Western Himalayas up to 2700 m., often in open forests. Bark: ash- 
gray to gray, smooth on young but rough on old trunks, often with 


horizontal streaks. Drupe glabrous to pilose. E 
The chromosome number, as determined from the leaf-tip mitosis, was 


2n = 40 (Ficure 19). Fifteen pairs were metacentric and three acro- 
centric, while a centromere could not be located in the remaining two 
pairs. 


C. australis var. eriocarpa Dene. s . 
A tree up to 15 m. in height. Common in the Nainital hills between 


1000 and 1800 m. Bark: light gray, slightly rough, often with horizontal 


streaks. Drupes pubescent to woolly. _ 
The chromosome number as determined from PMC’s was » = 10 


(Ficure 20). Meiosis was normal. 
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C. tetrandra Roxb. 

A small to large deciduous tree. Found in the subtropical Himalayas 
from the Sutlej eastwards to Sikkim, between 1000 and 1500 m. Bark: 
gray to ash-gray, smooth. 

Ten bivalents were invariably counted at diakinesis (FicurE 21) and 
metaphase-I. 


MORACEAE 
Artocarpus Forster. 
A. lakoocha Roxb. 

A large tree attaining a height of 18 m. in the Himalayas, with short 
bole and spreading branches. Found in the tropical Himalayas from 
Kumaon eastwards, chiefly in evergreen forests. Not common in the 
Kumaon hills. Often planted. Wood of commercial value. Bark: 
reddish brown, rough (FIGURE 1). 


FIGURE 1. Artocarpus lakoocha, bark pattern. Ficure 2. Morus laevigata, 
bark pattern, x 4. 


The haploid chromosome number was n = 28 (FicuRE 8). The species 
is tetraploid on the base number x = 14. Meiosis was found to be normal 
and pollen fertility 100 per cent. 


Morus L. 
M. alba b. 

A small to medium-sized deciduous tree producing valuable timber for 
the sports industry. Occurring wild up to 2000 m. in the outer Himalayan 
ranges, but often planted for its fruit. Bark: pale brown to grayish 
brown. 

The normal flowering season of the species is February to April, but 
some individuals at Dehra Dun were observed to be in full bloom in the 
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month of September. Meiosis was perfectly normal with 100 per cent 
pollen fertility. 

Fourteen bivalents were regularly constituted at metaphase-I of 
which one was conspicuously larger than the rest (FIGURES 9, 22). 


M. serrata Roxb. 

A medium-sized deciduous tree with spreading branches and short 
bole. Growing in temperate forests of the Western Himalayas, often 
along moist and shady ravines, but not very common in the Nainital and 
Simla hills. Timber of some commercial importance. Bark: reddish 
brown, rough. 

The chromosome number n = 42 (Ficure 23) was observed at 
metaphase-I in populations worked out from various localities in the 
Nainital and Simla hills. Meiosis was normal and 42 chromosomes were 
regularly distributed at A-I (Ficure 24). Pollen fertility was 100 per 
cent. 


M. laevigata Wallich. 

A middle-sized deciduous tree and source of timber. Occurring wild 
(and also cultivated) in the tropical and subtropical Himalayas, but not 
common in the Nainital area. Bark: reddish brown, rough or somewhat 
smooth with conspicuous transversely oriented lenticels (FIGURE 2). 

Two cytotypes have been discovered. FIGURE 10 shows a pollen mother 
cell at metaphase-I with 14 bivalents from populations in the Nainital 
hills. It is diploid. A tetraploid cytotype was discovered in the Khasia 
and Jaintia hills which showed n = 28 at metaphase-I (FicuRE 25). 


ko 


Ficure 3. Ficus religiosa: a, branches of normal form; b, branches of small- 


leaved form. 
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The two are distinct morphologically, the tetraploid being larger in all its 
parts. 


Ficus L. 
F. religiosa L. 

A large deciduous tree with irregular trunk. Occurring wild in the outer 
and sub-Himalayan ranges up to 1500 m.; also planted. A source of 
timber of minor commercial importance. Bark: almost smooth, grayish 
brown, exfoliating in woody scales. 

The chromosome number 2» = 26 was determined from leaf-tip mito- 
sis (FIGURE 11). 


Small-leaved form: 

This differs from the normal type in having smaller leaves, shorter 
petiole, fewer lateral veins but relatively longer acumen (FIGURE 3). 
However, bark character, stomatal size, and number of stomata per unit 
area are the same in both types. A comparative account of the normal 
and small-leaved forms is presented in TABLE 2. 


TABLE 2. A comparison of the normal and small-leaved forms of Ficus religiosa. 


SMALL-LEAVED 


NORMAL TYPE TYPE 
HABIT Large tree. Large tree. 
BARK Smooth, Smooth, 
grayish brown. grayish brown. 
LEAVES: 
length 16.0-31.0 cm. 12.5-21.0 cm. 
blade size 10.0-21.0 cm. 8.0-14.0 cm. 
8.0-12.0 cm. 6.0- 8.0 cm. 
acumen 3.0- 4.5 cm. 5.0- 6.0 cm. 
petiole 
length 6.0-10.0 cm. 4.5- 7.0 cm. 
STOMATA: 
size 35.0-41.0 um. X 35.0-40.0 um. X 
21.0-26.0 ym. 20.5-26.0 um. 
number per 
unit area 18.0-20.0 19.0-20.0 
DIAMETER OF 
FIG 0.9— 1.0 cm. 0.6- 0.9 cm. 


These forms have sympatric distribution and grow in similar ecologi- 
cal conditions. 


At diakinesis, 13 bivalents were invariably counted in the small-leaved 
form as well ( FIGURE 26). 
F. glomerata Roxb. 

A medium-sized deciduous tree yielding timber of some commercial 
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FicumEs 4-18. Drawings of chromosome complements. 4 and 5, Holoptelea 
integrifolia: 4, mitotic metaphase, 2m = 28; 5, M-I, n = 14; 6, Ulmus walli- 
chiana, somatic metaphase, 2n = 28; 7, Celtis cinnamomea, M-I, » = 10; 8, 
Artocarpus lakoocha, M-II, n = 28; 9, Morus alba, M-I, n = 14; 10, M. 
laevigata, M-I, n = 14; 11, Ficus religiosa, mitotic metaphase, 2n = 25:125 
F. glomerata, mitotic metaphase, 2m — 26; 13, F. cuma, mitotic metaphase, 
2n — 26: 14 and 15, Broussonetia papyrifera: 14, diakinesis, n = 13; 15, M-I, 
10 bivalents and a chain of 6 chromosomes; 16, Boehmeria rugulosa, M-I, n = 
28; 17 and 18, B. platyphylla: 17, M-I, n = 14; 18, M-I, n = 28. 
mmon in forests at the foot of the Himalayas and its 


importance. Co 
in moist places, generally along streams. 


outer ranges up to 1000 m., 


Bark: pale brown, smooth. 
Ficure 12 shows the somatic complement of 26 chromosomes. 
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Broussonetia Vent. 
B. papyrifera (L.) Vent. 

A fast growing tree of medium size. Adapted to different ecological 
conditions, but naturalized in many parts of India. Indigenous to China 
and Burma. 

The chromosome number in individuals from several different locali- 
ties was found to be n = 13 (FicurE 14). Meiosis was normal in the 
trees from Dehra Dun, whereas those from the Nainital hills showed 
chain formation at diakinesis and metaphase-I due to heterozygosity for 
translocations. A chain of six chromosomes and 10 bivalents was ob- 
served in many PMC’s (Ficure 15). Pollen fertility in such individuals 
was 90-95 per cent. The taxa with and without translocations were 
morphologically identical. 


URTICACEAE 
Boehmeria Jacquin. 
B. rugulosa Weddell. 

A small to medium-sized, evergreen tree, often with short bole. Found 
in the Himalayan subtropical forests ascending to 1800 m., and com- 
mon in the Nainital and Mussoorie hills. Wood of some commercial 
value. Bark: dark brown, rough, furrowed. 

Twenty-eight bivalents were counted at metaphase-I (Ficure 16) in 
the population studied from different localities in the Nainital and Mus- 
soorie hills. Meiosis was perfectly normal. 


B. platyphylla D. Don. 

A variable common shrub growing in the subtropical and temperate 
Himalayas. 

Fourteen bivalents were invariably present in the population from the 
Mussoorie hills (Ficure 17), whereas those from the Darjeeling hills 
were found to have 28 bivalents (FIGURE 18). 


DISCUSSION 


Of the 22 species presently investigated nine were studied for the first 
time and new cytotypes for two of these were discovered. 


ULMACEAE 

Love and Lóve (1961) suggest x = 7 as the base number of the genus 
Ulmus, whereas the species of this genus cytologically known up to now, 
and even those of Holoptelea and Zelkova, have n = 14 or 2n = 28, ex- 
cept for the intraspecific tetraploid races of U. americana and U. glabra 
with 25 = 56 (Sax, 1933; Santamour, 1969; Ehrenberg, 1949). As such, 
x = 14 seems to be the base number for Ulmus, Holoptelea, and Zelkova, 
as was proposed by Darlington and Wylie (1955). Like most of the woody 
taxa, the speciation in these three genera appears to have taken place 


mostly at the diploid level, rarely involving change in the chromosome 
number. 
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Ficures 19-27. Photomicrographs of chromosome complements. 19, Celtis 
australis var. australis, mitotic metaphase, 2m = 40; 20, C. australis var. 
eriocarpa, diakinesis, n — 10; 21, C. tetrandra, M-I, n = 10; 22, Morus alba, 
M-I, n = 14; 23, M. serrata, M-I, n = 42; 24, A-I, n = 42; 25, M. laevigata, 
diakinesis, n= 28; 26. Ficus religiosa, small-leaved, diakinesis, n = 13; 27, 
Debregeasia hypoleuca, M-I, n = 14. 
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In Celtis and Trema, on the other hand, numerical changes in the basic 
set have been among the factors involved in the evolution of the species. 
Besides » = 10 or 2n = 20 in several members of the genus Celtis, includ- 
ing the presently studied ones, 22 = 22 was counted in C. spinosa (Covas 
& Schnack, 1947), n = 13 in C. nervosum (Chuang et al., 1963), 2n = 28 
in C. occidentalis (Sax, 1933), and 2n — 40 in C. australis (Bowden, 1945; 
the present investigations). The prevalence of n = 10, which is also the 
lowest existing haploid number in Celtis, suggests the original base number 
of the genus is x — 10, which is also shared by the closely allied genus 
Trema (Hans, 1971). 

The present counts of n = 10 and 2» = 40 in the Himalayan populations 
of Celtis australis confirm the report of 2n = 40 by Bowden (1945) and 
also establish the existence of intraspecific polyploidy. The tetraploid 
(2n = 40) differs from the diploid (n = 10) in having glabrous to pilose 
drupes, in contrast to the pubescent to woolly ones in the latter. 


MORACEAE 

The chromosome numbers of the presently studied taxa of Moraceae are 
based either on x — 13 or x — 14, which are the prevalent base numbers in 
the family. Polyploidy seems to have played some evolutionary role in the 
genera Ficus, Morus, and Artocarpus. Six cases of interspecific polyploidy 
are recorded in Ficus and there are four species which show intraspecific 
polyploidy (Condit, 1964; Pancho, 1966). In the genus Morus, M. cath- 
ayana with 2n — 56, 84, 112 (Janaki-Ammal, 1948), and M. nigra with 
2n = 89-106 (Voltattorni, 1947) and 308 (Thomas, in Darlington & 
Wylie, 1955) are the outstanding instances of high intraspecific polyploids. 
In M. serrata, Janaki-Ammal (1948) observed a diploid somatic count, 
2n — 28, while the Nainital and Simla populations of the species with 
n = 42 are hexaploid. M. laevigata is another Indian species possessing in- 
traspecific polyploids, a diploid with 27 — 28 (Janaki-Ammal, 1948; Das, 
1961) and a tetraploid with n = 28 or 2n = 56 (Datta, 1954; Das, 1961; 
Hans, 1972; and the present investigations). 

The tetraploid A. lakoocha and A. heterophyllus, with n = 28, and the 
hexaploid cytotype of Morus serrata have perfectly normal meiosis. 

Meiotic abnormalities in some populations of Broussonetia papyrifera, 
which is diploid, are obviously a consequence of chromosomal interchanges. 
In spite of the small size of chromosomes, up to six chromosomes are in- 
volved in chain formation. Mehra and Hans (unpublished) observed a ring 
or chain involving as many as 16 chromosomes and an even smaller second 
ring in the East Himalayan taxon. The species grows well under varied 
ecological conditions. Whether these translocations have imparted any 
selective value for a particular environment is hard to suggest. 


URTICACEAE 

Darlington and Wylie (1955), and Lóve and Lóve (1961) proposed 
x = 7 as one of the base numbers for the genus Boehmeria. On this basis 
B. rugulosa and the cytotype of B. platyphylla from the Eastern Himalayas 
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with z = 28 are octoploid, while the West Himalayan taxon of B. platy- 
phylla with n = 14 is tetraploid. These polyploids, however, are perfectly 
balanced. 

Out of the 25 taxa of the families investigated presently, seven are poly- 
ploids. Thus the percentage of polyploidy is 28 per cent in these woody 
elements. 


SUMMARY 


Cytological studies on 22 West Himalayan woody species belonging to 
Ulmaceae, Moraceae, and Urticaceae have been carried out. Of these, the 
commercial timbers are Holoptelea integrifolia (n = 14, 2n = 28), Ulmus 
wallichiana (2n = 28), Celtis australis (n = 10, 2n = 40) (Ulmaceae) ; 
Artocarpus lakoocha (n = 28), Morus alba (n = 14), M. serrata (n = 42), 
M. laevigata (n = 14, 28), Ficus religiosa (n= 13, 2n = 26), F. glo- 
merata (2n — 26) (Moraceae), and Boehmeria rugulosa (n — 28) (Urti- 
caceae). The taxa of Broussonetia papyrifera (n — 13) with and without 
chromosomal interchanges are morphologically identical. Morphological 
forms of Ficus religiosa which differ in leaf and fig size have sympatric dis- 
tribution and the same chromosome number n = 13. Intraspecific poly- 
ploidy in Celtis australis (2x, 4x) and Boehmeria platyphylla (4x, 8x) have 
been recorded here for the first time. Polyploidy seems to have played some 
role in Artocarpus, Morus, and Ficus, whereas in Ulmus and Holoptelea 


speciation has occurred at the diploid level. 
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Acanthophyllum, 578 
Acanthopteron, 83 

Acer, 148 

— rubrum, 272, 274, 281 
Aceraceae, 274 
Acoelorrhaphe wrightii, 411 
Acomastylis, 383, 385 


Acourtia, 570, 571, 577, 578, 580-583, 
585, 587-589, 591-595, 597, 598, 602- 


604 

— collina, 587, 595, 605 

— formosa, 604 

— glomeriflora, 597, 605 

— microcephala, 571 

— nudicaulis, 571 

— thurberi, 571 

— vanillosma, 602 

Acronychia, 469-523, 525-567 

— aberrans, 473, 475, 476, 478, 483, 518, 
519, 525 

— acidula, 476, 479, 484, 517-520 

— acronychioides, 473, 477, 482, 488, 542, 
545-547 

— acuminata, 476, 478, 484, 498, 501 

— albiflora, 558 

— andrewsi, 538, 540 

— anomala, 558 

— apiculata, 549, 554, 557 

— arborea, 549, 555, 557 

— arfakensis, 476, 478, 483, 510, 511 

— baeuerlenii, 475, 477, 479, 484, 491 
493, 529 

— barberi, 550, 551, 557 

— baueri, 558 

— — — majoriflora, 558 

— boweriana, 558 

— brassii, 473, 476, 478, 480, 483, 485, 
514, 516, 558 

— carrii, 476, 482, 487, 532, 534, 543 

— cartilaginea, 476, 477, 481, 486, 526, 
544 

— cauliflora, 558 

— chooreechillum, 475, 481, 487, 489—491 

— crassipetala, 473, 476, 477, 479, 484, 
490, 491 

— cunninghamii, 558 


Acronychia cuspidata, 558 

— dimorphocalyx, 473, 476, 481, 486, 535, 
537 

— diversifolia, 558 

— elliptica, 550, 556, 557 

— emarginata, 473, 474, 476, 481, 488, 
506, 507 

— endlicheri, 558 

— eriocarpa, 558 

— esquirolii, 558 

— foveata, 474, 476, 478, 483, 523, 525, 
526 

— goniocarpa, 474, 476, 486, 498, 500 

— gurakorensis, 476, 482, 487, 535 

— halmaheirae, 538, 540, 541 

— haplophylla, 560 

— heterophylla, 559 

— hillii, 559 

— imperforata, 473, 477, 480, 484, 547- 
549 

— intermedia, 476, 481, 487, 530, 532 

— kaindiensis, 476, 480, 485, 511, 512, 
514, 516 

— laevis, 469, 471, 472, 476, 477, 480, 
485, 493, 497, 501—505 

— — dictyophleba, 495, 496 

— — leucocarpa, 495, 496 

— — longiflora, 501, 502, 504 

— — purpurea, 501 

— lanceolata, 550 

— laurifolia, 549, 550, 555—557 

— laurina, 495 

— ledermannii, 473, 476, 482, 488, 544, 
545 

— leiocarpa, 559 

— ligustroides, 559 

— lobocarpa, 559 

— macrocalyx, 473, 476, 481, 486, 535, 
536 

— melicopoides, 546 

— — lasiantha, 526 

— montana, 476, 479, 485, 530, 532 

— muelleri, 560 

— murina, 473, 474, 476, 480, 485, 505, 
506 

— niueana, 559 

— normanbiensis, 476, 478, 483, 512, 514 

— oblongifolia, 476, 477, 479, 484, 493, 
495-497 

— obovata, 469, 559 

— odorata, 560 

— oligophlebia, 469, 559 

— ovalifolia, 559 
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Acronychia ovata, 559 

— papuana, 473, 476, 478, 483, 508, 510 

— parviflora, 473, 476, 478, 480, 483, 
486, 498, 500, 501 

— pauciflora, 475, 478, 480, 483, 485, 493- 
495, 548 

— pedunculata, 469, 471, 477, 479, 480, 
483, 486, 549-557 

— petiolaris, 559 

— porteri, 469, 559 

— pubescens, 473, 475, 477, 480, 481, 486, 
526, 528-530 

— pullei, 476, 482, 487, 532, 534 

— resinosa, 550 

— reticulata, 476, 482, 487, 526, 544 

— — glabra, 544 

— retusa, 559 

— rhytidocarpa, 559 

— richii, 559 

— rubescens, 559 

— rugosa, 474, 476, 486, 500 

— schistacea, 473, 476, 480, 486, 508 

— scortechinii, 547—549 

— serrata, 559 

— similaris, 476, 480, 485, 511, 512 

— simplicifolia, 560 

— — subsp. neoscotica, 559 

— — subsp. petiolaris, 559 

— smithii, 476, 482, 488, 520, 523, 526 

— suberosa, 475, 477, 481, 487-489, 529 

— superba, 517, 518 

— tetrandra, 560 

— trifoliolata, 469, 482, 488, 537, 538, 
540, 547 

— — ampla, 476, 538, 541-545, 547 

— — microcarpa, 476, 534, 538, 542, 543 

— — pauciflora, 537 

— — trifoliolata, 477, 538, 540-542, 557 

— — vestita, 474, 477, 481, 486, 500, 519, 
320, 525, 526 

— wabagensis, 476, 481, 487, 529, 530 

— wichmannii, 503, 506 

— wilcoxiana, 471—473, 475, 477, 479, 
484, 516-518, 529 

Acronychia (Rutaceae), A Revision of 
the Genus, 469, 525 

Actinidia, 147 

Acuan, 92 

Acuania, 92 

Additional New Taxa and New Combi- 
nations in Hymenaea (Leguminosae, 
Caesalpinioideae), 441 

Adenanthera, 69, 72, 77 

Adenorachis, 647 

Adenostoma, 307, 344 

Admirabilis, 12 

Aegopodium, 465 
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Aesculus, 147 

— hippocastanum, 172 

Affonsea, 69, 117 

Aframomum, 465 

Agavaceae, 51, 402 

Agrimonia, 315, 390-393, 395 

— ser. Parviflorae, 392 

— ser. Procerae, 391 

— ser. Tuberosae, 391 

— — subser. Rostellatae, 392 

— — subser. Tuberosae, 392 

Agrimony, 391 

Akenda, 556 

Albizia, 69-71, 77, 84, 85, 108-114 

— sect. Lophantha, 111 

— sect. Platyspermae, 111 

— sect. Spiciflorae, 111 

— lebbeck, 276 

Alchemilla, 305, 307, 315, 344, 392-396 

— subg. Alchemilla, 394, 395 

— subg. Aphanes, 394, 395 

— subg. Lachemilla, 394, 395 

Allamanda, 147 

Allionia, 4, 12-14 

Allioniella, 14 

Aloe, 51 

Alpinia, 465 

— speciosa, 467 

Alvaradoa amorphoides, 272 

Ameghinoa, 570, 577, 578, 581-583, 585, 
587, 588, 590, 592-594, 597, 598, 602, 
604 

— patagonica, 604 

Amelanchier, 307, 308, 315, 356, 621, 622, 
633—640 

— sect. Malacomeles, 634 

Amentotaxaceae, 119, 122 

Amentotaxus, 119-122 

— argotaenia, 119-122 

— cathayensis, 119 

— formosana, 119 

— yunnanensis, 119 

Amentotaxus, The Secondary Phloem of, 
119 

“American Medical Botany," Bigelow's, 
46 

Amphilemma cymosum, 172 

Amygdalaceae, 304 

Amygdalus, 655 

Amyris elemifera, 276 

Anargyrum, 580 

Andradea, 3 

Angophora, 434 

Annonaceae, 454 

Annona glabra, 276, 278, 279 

Anulocaulis, 25, 27 

Aphanes, 394, 395 


